With the rapid development of urbanization and industrialization in China, the issue of high-quality economic development and ecological environment has arisen. Taking the Beijing-Tianjin-Hebei region as the research subject, this paper measured the comprehensive scores of economic development and ecological environment, and analyzed the coupling degree of these two systems from 2000 to 2018. According to the four degrees of coupling and coordination, this paper defined the degree of coupling and coordination between the economic development and ecological environment in Beijing-Tianjin-Hebei region, and put forward some policy suggestions. The result shows that, between 2000 and 2018, (1) the coupling degree of economic development and ecological environment in Beijing-Tianjin-Hebei region is C ∈ [0.2, 1], which is changing with time, and has gone through all stages of coupling; the coordination degree of economic development and ecological environment in Beijing-Tianjin-Hebei region is D ∈ [0.1, 0.5], which is in the low-middle stage.
Introduction
China's economic construction has achieved remarkable results since the reform and opening up, with an average growth rate of 9.78% from 1978 to 2011. Affected by the global economic crisis in 2012, China's economic growth has slowed down, with an average growth rate of 7.2% from 2012 to 2017. It has become a new norm for China's economic growth to shift from high-speed to medium-high speed. A basic feature of the new era for China's economic development is the transition from a phase of rapid growth to a stage of high-quality development, and the promotion of high-quality economic development is an essential requirement for the new normal in economic development (Cheng and Qiu, 2018) .
In 1978, China's urbanization level was only 17.9%, while by the end of 2018, it was up to 59.58%. According to The Report on Chinese Industrialization issued by the Chinese Academy of Social Sciences, China has entered the second stage of the lateindustrialization since 2015, with an overall industrialization level index of 84. What's more, with the industrialization level index of 95, 76 and 71, respectively, all the eastern, central and western regions in China have entered the stage of the lateindustrialization (Hu, 2017) . The economic growth in the middle and late stages of industrialization mainly depends on the growth of the secondary industry, that is, China's economic development relies heavily on industries with high energy consumption and high pollution. The rapid development of China's economy and the promotion of urbanization and industrialization have caused serious damage to the ecological environment, and the destruction of the ecological environment has also inhibited the economic growth (Liao and Wang, 2019) . Since 2016, many cities in China have been affected by haze, especially cities in the Beijing-Tianjin-Hebei Region. Within the Bohai Economic Circle, the Beijing-Tianjin-Hebei Region is not only the largest and most sophisticated economic zone in Northern China, but also an important political and cultural center of China. However, since the economic development in the Beijing-Tianjin-Hebei Region is dependent on high-energy-consumption and highpollution industries, there have been serious environmental problems in the Beijing-Tianjin-Hebei Region. And the economic development in this region has transformed to the coordination between high-quality economic development and the development of ecological environment. Therefore, this paper analyzed the characteristics of each stage of the economic and environmental development based on the measurement of the coupling degree between the economic development and the ecological environment system in the Beijing-Tianjin-Hebei region, and provided a basis for the high-quality economic development there.
Literature Review
At the 19th National Congress of the Communist Party of China, president Xi Jinping declared that "China's economy has been transitioning from a phase of rapid growth to a stage of high-quality development. This is a pivotal stage for transforming our growth model, improving our economic structure, and fostering new drivers of growth." The transformation of China's economy from a phase of rapid growth to a stage of high-quality development is the essential requirement for the new normal in economic development (Sheng, 2018) . In the fundamental economic theories, highquality development can be expressed as the mode, structure and momentum of economic development living up to its real nature, which is to satisfy people's growing needs for a better life (Jin, 2018) . Shi et al. (2018) measured the high-quality economic development index based on the two dimensions of economic growth fundamentals and social achievements. The results show that time span of China's inter-provincial economic growth quality fluctuation cycle has been widening gradually, the distribution of economic growth in the Eastern, central and Western China is unbalanced and difficult to close in short term, and the quality of economy growth of China will enter a long-term uptrend channel. The high-quality economic development refers to the economic development stressing both quantity and quality of economic growth, and lay emphasis on the quality of economic growth. The existing researches on economic development have been mainly conducted from the perspectives of sources of economic growth, reasons for slow-speed development of economy and the evaluation of low-carbon or green economy. According to the study of Shen et al. (2011) , though the development model oriented by manufacturing and service industries, with urbanization as space carrier and marketization as system, can promote the sustainable and high-speed economic growth in China, the restraints on this model is increasing. Nie et al. (2011) found there has been misallocation of resources in state-owned enterprises, and almost no reallocation of resources within the industries, which contributed to the inefficiency of China's manufacturing industry. Zhuang et al. (2014) evaluated the low-carbon development of several cities in China and made comparisons with that of international cities. Chen et al. (2018) analyzed the relationship between the governance of haze pollution and high-quality economic development, and believed that the improvement of economic development quality is the premise of the transformation of economic development mode, and the governance of haze pollution can help improve the quality of the atmospheric environment and economic development, and promote the high-quality development of economy in return.
"Coupling" is a concept derived from the mechanical nexus between two parts of something. From the perspective of ecology, "coupling" refers to the interaction, transition and development of two or more system elements or subsystems (Zhang et al., 2016) . The elements in a coupling system are closely related, and their cooperation can improve the productivity and ecological function of the system. The coupling construction of the ecosystem is actually the development process of the ecosystem from disorder to order (Liu, 2016) . Since urbanization involves a series of coupling processes, coupling simulation and optimization are widely applied in solving planning problems and rapid development of regional economy . Using the panel data of Lianyungang, Li et al. (2012) analyzed the challenges of rapid urbanization in coastal cities with a coupling and coordination degree model focusing on the degree of coordination between urbanization and the environment, and found that the dynamic of coordination between urbanization and environment showed a Ushaped curve. Lei et al. (2015) investigated the relationship between urbanization and air environment from the perspective of coupling coordination theory, and found that the degree of coordinated coupling between urbanization and air environment exhibited an S-shaped curve, indicating that the slightly unbalanced development of Wuhan has turned into the barely balanced development, and has entered a period of superiorly balanced development, with the air environment lagging. Wang et al. (2014) conducted a quantitative analysis of the coupling relation between urbanization and ecological environment in Nanchang and Jiujiang urban belts, and the results showed that the coordination degree of Nanchang rises at a faster speed, reaching a moderate balance level, while that of Jiujiang remains at a low level. Therefore, Nanchang and Jiujiang urban belts should further transform its economic growth model, optimize the industrial structure, improve its technology and embark on a newurbanization path featuring resource-saving, low carbon emission, environmentalfriendly and cost effective. You (2016) assessed the coordinated degree of urbanization by quantifying four involved processes (demographic, social, economic and spatial) in Shanghai from 1952 to 2012, and found that the demographic urbanization advanced continuously and roughly presented a U-shaped trend. Guo et al. (2015) examined the coupling relationship between urbanization and environment in the Huaihe River Basin from both exploratory and analytical perspectives. The results showed the degree of coupling and the degree of policy coordination appeared to fluctuate over time.
The existing researches on the coupling relationship between high-quality economic development and eco-environmental protection are mainly conducted in the Yangtze River delta, farming-pastoral zones in northern China and mountainous areas, with the coupling coordination degree model and qualitative analysis. Zhang et al. (2015) analyzed the coupling and coordination relationship between economic development and ecological environment system from 1999 to 2003 in the extensive Yangtze River delta with the coupling coordination degree model, and found that the coupling of economic development and ecological environment was in the running-in stage, while the coordination degree of economic development and ecological environment was moderate. Based on the analysis of coupling relationship between regional economy and ecological environment, , and analyzed the coupling relationship between the benefit of economic development and ecological environment quality along the Silk Road Economic Belt (Wang, 2018) .
It can be seen that, although there are many researches on the relationship between economic development and ecological environment, few of them were conducted in the Beijing-Tianjin-Hebei region, and even fewer from the perspective of high-quality economic development. What's more, the existing researches mainly focus on the economic growth, while this paper tends to take a comprehensive consideration of the scale, level and potential of the economic development, that is, study the coupling relationship between economic development and environmental protection from the perspective of high-quality economic development. The economic growth in China has entered a period of transformation with quality as its first priority, and the economic growth in Beijing-Tianjin-Hebei Region is crucial to China's economic growth. After a long term high-speed economic development in the Beijing-Tianjin-Hebei Region, problems such as the singularization of industrial structure, exhaustion Liao et of resources and deterioration of ecological environment have been emerging, and the "crowding-out effect" of backward production capacity in the core area is getting more and more serious, leading to an outward flow of core industries. Therefore, this paper conducted the research on the coupling relationship between economic growth and ecological environment in the Beijing-Tianjin-Hebei Region from the perspective of high-quality economic development, supplemented the coupling theory of economy and ecological environment with the concept of high-quality development, and provided guidance for coordinating the economic development and eco-environmental protection in the Beijing-Tianjin-Hebei Region.
Materials and Methods

Research Method
Improved entropy method
The entropy method is a method for determining the weight of index according to the amount of information transmitted by each index to the decision maker, which excludes the influence of subjective factors on weighting and the overlap of information brought by multiple index. In order to avoid the shortcomings of the traditional entropy method, it is necessary to process the original data of the index, that is the improved entropy method. It can be calculated as follows:
Standardize
As there is a dimension between the economic system and the ecological environment system, the index should be standardized.
uij is the negative index; uij refers to the j-th index in the i-th system, and the value of uij is xij (i=1,2; j=1, 2, …n), with max(xij) refers to the maximum value and min(xij) the minimum value of xij. (Eq.5)
The larger the value of gj is, the more important the index is in the evaluation system.
Calculate the weight of each index:
Calculate the synthetical value of the system:
The Coupling and Coordination Degree Model
The coupling degree is used to describe the degree of influence among the system or elements , while the coordination degree is the degree of harmony between systems or elements of the system in the process of development, which reflects the tendency of a system from disorder to order (Wu et al., 1997) . It can be seen that, the coupling degree and coordination degree are two different indicators, with the coupling degree reflects the strength of interaction between two parties, regardless of advantages or disadvantages; and the coordination degree is the degree of good coupling in the interaction, reflecting the quality of coordination. Therefore, the research has been conducted from the following two aspects:
Coupling degree function
Construct a coupling degree function of high-quality economic development and eco-environmental protection, that is:
Among them, the value of C is between 0 and 1. C=0 indicates that there is no coupling relationship between high-quality economic development and eco-environmental protection, and C=1 indicates that there is a good coupling between high-quality economic development and eco-environmental protection.
Coupling and coordination degree function
The coupling and coordination degree function of high-quality economic development and eco-environment protection is: where D is the coupling and coordination degree, and T is the comprehensive coordination index of high-quality economic development and eco-environmental protection, representing the coordination index of high-quality economic development and eco-environmental protection at each coupling level. α and β represent the contribution rate of each system, that is, the contribution coefficient of high-quality economic development and eco-environmental protection. Since there is an interaction between high-quality economic development and eco-environmental protection, both α and β are 0.5. Similar to the coupling degree, the coordination degree can also be divided into 4 levels (see Table 1 ). 
Index Selection
Due to the wide variety of influencing factors involved in urban economic development and ecological environment, as well as the complex interaction mechanism among them, their development status and impacts cannot be reflected with only one indicator. Therefore, we would like to select indicators and construct an indicator system based on existing researches (see Table 2 ).
Results
With the improved entropy method, we standardized the raw data of the Beijing-Tianjin-Hebei region from 2000 to 2018, and calculated the entropy and weight of each indictor in the economic development and ecological environment system of Beijing, Tianjin and Hebei. The synthesis scores of economic development and ecological environment systems in the Beijing-Tianjin-Hebei Region are shown in Table 3 .
It can be seen from Table 3 that:
(1) From the perspective of economic development, there is an uptrend in synthesis scores of the economic development in the Beijing-Tianjin-Hebei region from 2000 to 2018, with Beijing developed the fastest in 2003-2011, followed by Tianjin and Hebei.
By the year of 2011, Tianjin ranked the first in economic development, followed by Hebei and Beijing. It can be explained by Beijing's high-speed economic development in the preceding years brought by regulatory policies and convenient transportation. turn, has restricted the economic development over time. The significant fluctuation in synthesis scores of ecological environment systems after 2010 can be explained by the impact of high-speed of economic development and urbanization on ecological environment, which has led to the energy resources depletion, environmental pollution and ecological imbalance. However, the improvement of synthesis scores of ecological environment systems after 2013 may be related to the economic regulatory policies which laid more emphasis on quality rather than speed of economic development.
(3) Through the comparison of the economic development and ecological environment in the Beijing-Tianjin-Hebei region, we can see that the score of economic development was lower than that of ecological environment from 2000 to 2018. What's more, during the study period, the score of economic development continued to rise, while that of the ecological environment continued to decline, indicating that there is a negative correlation between economic development and ecological environment in Beijing-Tianjin-Hebei region.
Discussion
Characteristics of time variation
The coupling degree (C) and the coordination degree (D) of the Beijing-Tianjin-Hebei region from 2000 to 2018 have been calculated according to the formula (see Figure 1 ).
Figure 1. Mean value of the coupling and coordination degree between economic development and ecological environment system in the Beijing-Tianjin-Hebei Region in 2000-2018
It can be seen from Figure 1 Beijing-Tianjin-Hebei region. It is in line with the reality that China's economic development has entered a new normal of medium-to-high-speed growth and is accompanied by the frequent occurrence of environmental pollution problems such as haze. In order to resolve the contradiction between economic development and environmental protection, the coordinated development in the Beijing-Tianjin-Hebei region should be strengthened and the integration of industrial layout should be promoted. What's more, the development of the Circum-Bohai Sea Economic Zone can be promoted by exploring the effective path of ecological civilization construction, strengthening the complementary advantages of Beijing, Tianjin and Hebei, and enhancing the coordination of population, economy, resources and environment in the Beijing-Tianjin-Hebei region.
The analysis of coordination degree shows that, from 2000 to 2018, the coordination degree of Beijing-Tianjin-Hebei Region has been increasing steadily with sight fluctuations, which is at a low-to-moderate level. This can be explained by the high level of urbanization and the continuous optimization of industrial structure, which are not in line with the environmental protection.
From 2000 to 2011, there was a great difference between the coupling degree and coordination degree of economic development and eco-environmental protection. It can be explained by the damage to the ecological environment brought by the rapid development of economy. Since 2011, the gap between coupling degree and coordination degree has been narrowed because of the adjustment of industrial structure and the transformation or upgrading of economy, which has taken the ecological civilization construction and economic development into full consideration.
Characteristics of spatial pattern
The coupling and coordination degrees between economic development and ecological environment of Beijing, Tianjin and Hebei have been calculated by SPSS (see Table 4 ). It can be seen from Table 4 that, there were large fluctuations in both coupling and coordination degree of Beijing, Tianjin and Hebei after 2010. The coupling relationship between economic development and ecological environment in Beijing has experienced the coupling phase of 2000-2010, the antagonistic phase of 2011-2015, and the running-in phase of 2016-2018. This can be explained by the highspeed economic development and the good environmental condition in 2000-2010. Since 2011, the economic development has slowed down and the problems of environmental pollution has emerged. At present, with the goal of high-quality economic development, Beijing has made more efforts to protect the environment, and the coupling relationship between economic development and ecological environment has been optimizing. The coordination degree between economic development and ecological environment in Beijing has been increasing steadily with slight fluctuations, which is moderate in general. There has been a drastic fluctuation in the coupling degree of Tianjin from 2000 to 2018, with the years of 2004-2008 as the coupling phase. It can be explained by the economic transition and upgrade, or the interaction between various influencing factors of the two systems and the unbalanced economic development. The coupling relationship between economic development and ecological environment of Hebei showed the same trend as that of Beijing, but its coupling degree is lower than that of Beijing, which can be explained by the unbalanced economic and social development, the unreasonable industrial structure, and the serious impact of external factors. On the whole, the coordination degree of economic development and ecological environment in Beijing-Tianjin-Hebei region shows an upward trend with some slight fluctuations. However, the coordination degrees of economic development and ecological environment in Beijing, Tianjin and Hebei are all at the coupling phase with low and medium coordination, which indicates that, though the advantages in ecological environment have not been fully transformed into advantages in economic development, there has already been a virtuous circle between economic development and ecological environment.
Types of urban development
According to the coupling and coordination degree of urban economic development and ecological environment, the cities can be divided into four types: high coupling & high coordination degree, high coupling & low coordination degree, low coupling & high coordination degree, low coupling & low coordination degree. In cities with high coupling & high coordination degree, the development of economy and ecological environment are promoted together, so that, the emphasis should be laid on the cultivation of talents, transformation of development mode, optimization of industrial structure, protection of ecological environment and improvement of treatment efficiency of municipal waste and pollutants, forming a pattern of synchronous development of economy and ecological environment. The high coupling & low coordination degree indicates that although the economy is developing rapidly, the development of ecological environment is restricted by the local environmental carrying capacity. Therefore, the development mode should be transformed immediately so as to coordinated the development of economy and ecological environment, that is, enhancing the protection of ecological environment, giving full play to the advantages Liao et Figure 2 . It can be seen that, Beijing, Tianjin and Hebei are all regions with high coupling & low coordination degree, which indicates that though the degrees of urbanization and industrialization in these three regions are relatively high, and the economy is developing rapidly as well, the ecological environment has been damaged severely.
Figure 2. Distribution of coupling and coordination degree in the Beijing-Tianjin-Hebei Region
Conclusions and policy recommendations
Conclusions
Taking the Beijing-Tianjin-Hebei region as the research object, this paper measured the comprehensive scores of economic development and ecological environment, and analyzed the coupling degree of these two systems from 2000 to 2018. According to the four degrees of coupling and coordination, this paper defined the the degree of coupling and coordination between the economic development and ecological environment in Beijing-Tianjin-Hebei region, and put forward some policy suggestions. The result shows that, between 2000 and 2018, (1) the coupling degree of economic development and ecological environment in Beijing-Tianjin-Hebei region is C∈[0.2, 1], which is Liao et (2) The coupling degree of economic development and ecological environment in Beijing-Tianjin-Hebei region shows a trend of increasing first and then decreasing, while the coordination degree shows a rising trend, and remains about flat compared with the coupling degree.
Policy recommendations
Since the reform and opening up, with the dependence on the secondary industry, the relationship between economic development and ecological environment in the Beijing-Tianjin-Hebei region is characterized by high coupling and low coordination. In order to build a world-class urban agglomeration with strong international competitiveness and promote the high-quality development driven by national innovation, the relationship between economic growth and environmental protection in the Beijing-Tianjin-Hebei region should be coordinated, and the high-quality development in coordination should be promoted by constructing a sophisticated economic structure.
First of all, the industrial integration in the Beijing-Tianjin-Hebei Region should be promoted to narrow the gap between industrial base and industrial advantages. By giving priority to the development of the tertiary industry, upgrading the structure of manufacturing and service industries, cultivating high-tech industries, and exploring new patterns for industrial development, the quality and efficiency of the economic development in the Beijing-Tianjin-Hebei region will be improved.
Second, the concept of green development should be established. In the process of high-quality economic development in the Beijing-Tianjin-Hebei region, it is necessary to bear the goal of energy conservation and increasing the resource utilization rate in mind, so as to promote the development of green cities continuously and integrate the concept of green development into the economic and social development.
Third, implement the innovation-driven development strategy vigorously. The innovation-driven development strategy is the inevitable requirement for promoting the transformation of economic development mode and the switch of growth momentum in Beijing-Tianjin-Hebei region. It is necessary to build a high-tech and advanced economic structure and give full play to the leading role of Beijing. Promote the organic unity and coordination of the industry chain, value chain, innovation chain and service chain by improving the industry chain, enhancing the value chain, optimizing the innovation chain and expanding the service chain.
Finally, promote the coordinated development of population in Beijing-Tianjin-Hebei region. As the main migration destinations in the Beijing-Tianjin-Hebei region, the pressure on resources and environment carrying capacity in Beijing and Tianjin has been increasing with the growth of population. Therefore, the intellectual and information resources of urban development should be coordinated to promote the highquality economic development in the Beijing-Tianjin-Hebei region. Taking the opportunity of the construction of the Xiong'an New Area, confine the rapid growth of population in Beijing and transfer the population to Hebei orderly. Promote the rational allocation of human resources and other high-end resources in Beijing-Tianjin-Hebei region, contribute to the coordinated development of industries and promote the industrial upgrading of other regions of the country.
